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h > * /uttM & 3**ft#-e* A/ -eft 5 1 ^ xmrsss* i 
tt^a^y^yss^»ii*jfe^^^x, 

mJiESfl vx* ^Stj|5^2-v^^ £*ffl^X, Wfs^m 
fee * y »«o«Sig*&o 

[«*«3] JfSlEl*** ^ 

miiem i ga$ t zfttfit&mi- 6 ib 2 mm t . 
ttiaiBiBWfc stt, Mfsm 2 ga^ t m^: 

ftf^^ftfc^X, tfrtEfE lEiSi: ^15^2 BS t 

xt&mm*m\:-tz> z t zmm t xit «&satt-r6*w 

Utt^ra*** y JgBKfc^X, 
[0 0 0 1] 

^T- (J^T, TMR (Tunnel Magneto Resistance) ^ 



^ygllKBII-*, 

[0 0 0 2] 

lft*<0tt«l ««5ifi»». #fc«*»*ft^fiA 

x^^^^%^^nxi>5o 
[ooo3] m?l&. mmtomn^h??*. ■*■-/<- 

*i«eft^- Kf^****?*-f 

[0 0 0 4] ftiS^«l«f»»tt^*4lHlB^O * 

A. J: 9 tRttSixX^Stf, M*y h !7 — ^ > U t 
A£ftx h 

^M'^t^ll *N»«afc^y t 
<tCt^t^6o Sfc, «R£A;ftS*»BSi::fiftX- 

[0 0 0 5] *#3gt4^y £ Ltd, ^HftSrfflWc 
77r>a^U^ Ml^fflWcFRAM (Ferr 
o electric Random Access Memory) ft # h If <b 
5 0 L^Lft^"b, 79y>a^*y*i* ##&^>§^ 
*5/i&0«fX-*>Sfc«)jit^^9>:*35 s *>6o F 
RAMlC*5^Xtt, *#*^^JtBls]»36S i O 12 - 1 0 14 

*$fti^fc^5IBH*s»at**tX^S. ^fc, 
/< •> ^ (OttMAn x # m u ^ <h ^ ^J^ t> * ti x ^ 

[0 0 0 6 ] Ztlb<DX&&m$K^ : f&%&**V t 
tX^@$^X^6^>^> MR AM (Magnetic Random 
Access Memory) t X * y Xfo 5 0 fiJW^ 

MR AM*iJ. M. Daughton, "Thin Solid Films" Vol.216 
(1992), p. l62-168X*$R£-£ttX^£ AMR (Anisotropic 

Magneto Resist ive)a*^D. D. Tang et al. , "IEDMTec 
hnical Digest" ( 1997) , p. 995-997X-«ft * ilX V ^ 6 G 
MR (Giant Magneto Res i stance) $J^: ffi o ^ fc" > /< 

/u«»i36 s 10Q-100Q irte^fcto, R^fflL^PW t' 

[0 0 0 7 ] —^7 TMR (Tunnel Magneto Resistanc 
e) »*#R.Meservey et al. , "Pysics Reports" Vol.2 
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38(1994), p.214-217^«S$*lTt>6 X b l^^it^ 
i^iEX 1 %~2%L^^^ofc?iK ifi^T.Miyazaki e 
t al., "J. Magnetism & Magnetic. Material" Vol. 139(1 
995),L23lX$££ftX^6 X 9 M&J/L^b^ 0 
<mbtlZX?\Zte 1 9 . TMRM^^ofcMRAMi: 

[0008] MRAMit m&fr&&x~hz>tcibMmin 

kfrf&Ztl. Kl- 1 0 OMH z -CSjf£RJt6~efo5C t 
R. Scheuerlein et al. , "ISSCC Digest of Technic 
al Papers" (Feb. 2000) , p. 128-129X&£ £ tlX 1* £ 0 
[0 0 0 9] <fctC Mf^MR AMC^iiX3i&lI|3 
*5j:t>*ll!4(0^iiX^®lil^<i:oXlftP^-r6o 0 3, 

cr>mmm t zmm-t z> v> mm n & £ * ^ k * 
1-. 

[0010] H30 (1) \z^1r£b{z. m^ttLte^ 

5,*i3^n3 1 iisa-r^si 7>f^^ 

yK3 2W/*$n, *tllb&H5»2«MS4 2*5 
flM£tiT^<5 0 r.(7)^2iffi^Hi4 2(0^ffiii^b^^^ 
ttfWfgKJ; 5¥fifcS*fCV^-C. 1 5, Sl7 

4 V9'*y K3 2 ±11 7 0 0 nm^lf$'Ca$ilt 

[0 0 1 1 ] ±E^^^a±^ttJB3ft«Bt4 3oOT® 

iii(i»WB»»5g^*#^r7- Wiih Si7^ 

r-V K3 2^&M£tlZ>m2^>9? h 3 3 jo 

^^27^7^ K3 4 t*5*jaSttXl^ g 

tL"C«W4 3 lOO^StCJi, *#fc*!7- Kfcl 1 
£352 7^rV K3 4 td5Stti$titi^ 0 *fc 

MS 4 3 1 ±(wtt % K»l 1 &&9*fc£i!il 

4 3 2*5, 1Mb 7^ 5 5 0 n mC9J? 

tiS^ti^c :(OJ;9(:iT, ail43ii» ^ 
MR 4 3 2 it»Jg3»ftK4 3*S»**h-C^6. 127 
yf^f K3 4i:^^^fll4 3 2 {CI*, ItlTi^ 

ffM^aTMRl : Fi:i27>7^ V^/<5> K*<0« 

[0012] JifEC-f 7* — ^4 3 3 £-afr±fEfit/£tf> 
»3«fe»lR4 3±lC, PVD (Physical Vapor Deposit 

ion) ^iaot, /<yn (H**i") , R»«tt* 
Bi 3 K 3S«tt***fcfca«fkB*Ji i 3 2, 

y^ll 3 5 £riJ: tnil&ffM-f 3 0 ^ 



[00131 ^(^> 03(0 (2) IC^I-J; 9(-> h 

i/yfi3 5^5/f>^LfcS, 7* hus?* hftr 
r >y^L, -cD*^ ^® 1 3 5&-v*^(::LXfEit 
1134- h>*/Hfe»! 1 3 3 (7)^ + *-CSr3iy^> 
^UTMRi^«14^M«o iJ'fVM 

h^*>Ht6ftJi l 3 3rtf»b$J: 9 l-K*i-S, 
l^L-C^/jl^^TMRi^l 4£W<nM$i\zi> h 
V^&IHi 1 3 3<D»fcT>\'%-irJ*!&&feoX^ 
5o ^yf-^tf^KliJS* (CI) SrtA/fc>pyy 
[ftH^tfJft* (C1 Z ) , (BC 

i 3 ) *] fctOi-BMlsR* (co) cr^^r 

(NH 3 ) £**nLfc#x3fc*JB^6o ^tzZ<D^y^ 
V >*/H»»JI 1 3 3±OSK«tt*^e>46IBlt 

LX»t^bT/w^ ^^A^^X^^^X^^rlh 

[0 0 14] i^l:H3W (3) d^-f J: 9 

Kttfti*e*)68ftiSI 13 2, K»lKtt*« 1 3 
i , /<y r^(^ol!X(i€BS)^X3iy^>^ux^ 

[00 1 5] fcllSUtf) (4) iC^i-J:9^. 7^X-e 
CVDfeiaoX, TMRl^l 3. Igg&ESI 1 
S9J:9l^> »8l4 3J:(:'>!)3yWiS:3 0 0 n 
mWJ¥£K*i«LX*4l6»*4 4«r*J*Lfc«, 

4jfeMfl4 4(rTMR^^i 3\zmirZ>£ 9{CgE^|L4 
4 1 ^Mt6 0 *fcHiHE]»6^TJiEill (TMH^rTM 

[0 0 16] (5) {^^-rJ:9[C, 

E»**tt«^Jco-C, TMRii L 13CMIL4 4 1 

^g|X-li«l»), K««(rtoax*«S' 

LXm 5jft»fR4 5 «r»ritLfc«, >"r K 

[0 0 1 7] -«)»ig*ife-Ctt, 0 5(C^-TJ:9i-. T 
MRi+W^^t^f^l^^^^^^-i'-^T 

l (2AiU»-e*-r) t««E»«r»*1-6fc«>^W^ 
a^^^^ 0 ^-^ 7 2 t<D£t>-£-rtis -tife(^bo#^ 
{Cj:ti> ^ffiSS^Mta^CTMRSfl 3*BB* S 
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7 1 £•? t>AX = 0. 07/im-0. 1 » < IX 

M^2g (0. 14|im-0. 2^m) *§<*5fc 
#£&^?-K$l 1 <nmnXfa^ttLX/*V't 
/M4 0. 2|im**<<CoTL^. 
[0 0 18] 

[RWAmfct t-t Zf&M] iMiRM-f- 1 1 TMR 
^T-tfcli2il^^^^ 2 TMRi^7i^^6MRAM 
ir/MC&^X, ir/K^|g/h{b(i^^®^^<boXm^^ ^ 

^mx$>6 0 -mt Lxim^m^t 1 TMRi^-^t 

[0019] HI 6 d^-fj: ir/P-^-f XHTMRl 
T-13, TMRIT- 1 37^3l#ft£ft6^XTMR 

:r*iiWW6fcfe(;, g#i2^y-mi k ^ 

gfi$l6, TMRi^U, (2££USX 
J§<D^mi<^&^£^^?U 3 3^ffM£;ftX ^ 
[0 0 2 0] TMRi^MliTMRifl 3 <7)/< 
9-~Vtfto£X$^y^vy k^0 X b H2^pgXfT^ 

y^V?-?*!? hte6-?X# 7 2^TMRll L 

1 3{rftLX#I;Ltf AXfctf-fftX. TMRl^-l 3 d« 
l^ttJ-ra J: e> ^t^^^^a -^*^*-V7 2 £9 
Etti^tlfcTMR^T- 1 30)«#fc:iiy<f T 30 

MRIT- 1 3<^##'£fr6o TMR$fl3(D)f^ 
^^rfllfi^te m\t1j\^^^ 
m (c4;L£l&^*£^fc#>, TMR$^l3l:^t 
X^^IB^^ff^-r6fc^^-7^^^°^->7 2^, 

[0 0 2 1 ] r^^^. -trn-iMX^*;£ < &9 

5 tfy MR 1 2<0ER#|fiJl-AX, t'^l 
1 2 i:i#WlwiES-t*6<t 9fcER3ft-C^6»S£* ^ 
7- KM 1 1 «^^CAX x 2fc*rt-fe/H-ft*s*S 

</^:iW, *:-e*»Mt(4, tmrI^i 

3l;:*tLXS«E»l 6^Mt6fci6^^^^"- 
[0 0 2 2 ] 

«fc>*y«B-e*>6. 5 ^ 



[0023] * y » 

2iB»*»*i--5XSi:«:«^fc^lW6tt^fll«^^y 
gg<7)K^^t-^^X, ilfHE!BiE**#dttfc«-c 

me hv^/nK^set^^^^tfcs, me k y 

EiR&fl2/S1-SfcfcU:E^S*2-e**£. Miefg 2 

[0 0 2 4] ±fE««^*y»ia^*!iS*tt-Ctt. 
EiR IRK* h y*/uflt*tttt**0*iBfcrt 

6ia»^Wlc^$ix5ri:lc*S 0 -fftb*>. S&2 
* N X 1 4 , £ t> -fr * « & P. 5 i A, X K f + f Z> & « * 5 ft < 

[0 0 2 5] y^%m<nm^,^^ x ) g&i, !&iE*lfc* 

ffiie» iK»*a*tti;i£S-rs»2K»*, tKrKSi 
^ix^cb^x, mmm \%mkffimm2&mkcD$:mm 

*;um&&fom*k&ffi*-tzi><DX\ Hfti5»Ktt#(0^ 
t°>^[^^5|Zfft)U<*4^¥fTlcJ;oX»tt^^jt:i- 

gg^io^X, mils b> Y ) ^ 

rswsa^i-tttt^^afcfei-ffl^b^sEM^wie 

h y */HKfcCStn:SI : ?-fti|^-«(4, h >*/ufiMl« 



7 

[0026] iE^^ygdm, b>*'um&t& 

[0 0 2 7] 

S{;:«6-Sttfc<o»*«\ Bl*sJ:tflH2 0)»3SlB»f 

[0 0 2 8] g|14> (1) lC7ni-«t 9 H*sfiLfc^ 
K^ttJL h7>^^*85*l *6SI*4 1 £J£j*U 

6, $ ?>iwfB l *6*fl*4 l±t^ 5, $i = 

h3 l|C»J«i-6SRl 7>7>>^7 K32* 

<0»2tt»H4 2(1. «^7X-7TEOS (Th7 
x^^> 7 V) -CVDSHioX, P-TEOSHfl 
1 0 0 nm(Oi$llMU *^-e«*«^7 
XtCVD (Chemical Vapor Deposition ) J&lwJ^H 
DPRS:M^ff8 0 0 nm(Of $l:«*L, £<blw, ^ 
7X-rTEOS-CVDfel:J;ot, P-TEOSli^r 
WxJi 1 2 0 0 nm^f^:Mtl)o *0>SL rt^tfJ 

■fr-f) ±l:Wttf7 0 0 nm^*^*2ji8«4 2«: 
«1\ S?>l:^X^cvDftl:J;ot, p-SiNll 

m^-f) *W;Ltf:2 0 nm<BJ¥£ 

[00 2 9] Uy^77^ftx^f>» 
tSrffl^T, ty^^lS, Il7>7^>^^3 
2i(D-77^1l:tT*~/u (H^-fr-f) ^JfM-Too 

1***1" -5, rw»ai»4 3 1 P-TEOSil 
SrWAtfS 0 0 nm^f £Kfl2/&Lf;i t>(7)£fflt^o ft 
P"C, Rjffl(0«B«a««:ffl^X, *fei«4 3 1 lifltffi 

KiS (!B l 1 
fctfc«-, Sl7>r^^yK3 2i:8i^ii61 

23>M M3^J:Ol27>7^>^7K34^ 
ffM-T6o ZlJxfc. KM 1 1 S 2 a > ? 

^ h 3 3 tfB2 y >7 >f K3 4»i«T«oj: ) K 



(5) ^2 0 0 3- 3 2 4 1 8 7 

8 

y (T i ) BS£ 1 0 nm0l?${:ML, 
(T i N) H1& 3 0 nmtom £KJFML, $<bH7^? 
0. 5%^M 7 0 0 nm^f^WgLX 

3 1 ±^*#J^±IB4JR«*»*1*6r t^«t6o 
[0 0 3 0] ftlw, ^^^yy^iaot, ft»:IR4 

3 1 ±K±iB##&*P- Kill 1 *®9^»4 3 2 

T*/£1-5o COJ; feMt4 3 1 t&mm4 

10 3 2 K^3»tg4 3W^$W, ftfc, ±E*&^ 
ffi4 3 2 11, »ftT/u^ = »>ixei^»fel»tt» (WAtf 

[0 0 3 1 ] ^l:, y y^77^S«txs/fy^ffi 

iiaot, 7^-hu^h (H**-f) 

T*fe»l«4 3 2(B^:y?-y^£rfTt\ I27>7^^ 
/<«7K3 4i(Diii4 3 2[:, C*ia»£>*jS£*lST 

?L4 3 3 ZMfc-tZo 
20 [0 0 3 2] PVD (Physical Vapor Deposit 

ion) ftKioT. ±IE««HL4 3 3 ^^3« 

4 3ili, ^yri 0**1!) , RM8tt#JHi 3 
U 3IW^^i6i«il3 2, h^/H68 
113 3, »fcttft^<b/ji*SEliJll 3 4, *^y?m 
1 3 0ie**J*1~5o 

[0 0 3 3] lE^DTlCli, 0*J^l^. £ft;f-*>, 
[0 0 3 4] _LfEK«tttt#JI 1 3 1 Clfl, , tt 

l«Srffl^6o ro»ttf*113Hi, TMRl^ 

X, *|IHScOJeJB"Ctt, £$&flSt!fettJi 1 3 1 ^TMRl 
T-l 3 fcB^fl LTl^il^^ y^-^^m^t^mi 

[0 0 3 5] ±Ctttt;B£JI 1 3 2 (III, Mx.fi, ~y 
113 1 i:gt6«lli:M^tt>T, likitl 1 

3 2ts»»*i**i 3 1 b<Dmm\zm ft ft 

Ciot, lK<k@SB 1 3 211. 

mm 1 3 1 t<»&fe&£^£^xm\t<T)i5fofrt°~> 

(pinning) ^ ilho 
[0 0 3 6] 4ib\ ±iE8ft@«Ji 1 3 2 fl, #«B* 
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13 211, 3H«±<0»lKtt*)i*, 

[0 0 3 7] ±E h >*/M6»a 13311 ±l2ISii® 
1 3 4 ±SEflMfc@3£Sl 3 2 fc(0fc5C«jfe£*:«J6£ 

fc«>, S* s 0. 5nm-5nm(OS{tr/^;- 

->A*5ffit>ti5dK 09*11 HHb^*^**. 

Hay, RfbSfbTA'*-*-^ mt'&ik-*?*^*;!* 

5IC h>*/H6«i 1 3 3<0|MU1 0. 5nm~5n 
m^tl:i^fc*^ A L D (Atomic Layer Depositio 
n) fcKJ: Vftm-fZo tKfl^y^y^io 

[0 0 3 8 ] ±1215161 1 3 4ICI1 MAfl = 

w<7)iB18H 1 3 4li^SUSi*D»»J-<to 

[0 0 3 9] ±i2*-r ^il 3 5fl TMRiT-tS'j 
lfiia(S«*3J:0 5 SE«jl 1 3 4(D«Nfcl»jL£^3«te£ : S' 

[0 0 4 0 ] se>ic, W^ffCVDifeiwJlo-C, ±15* 
t^il 3 5±£»l^***«l*i~*fc«>©*«« 
5 1 1 V^fc U< y^/u*«*.tf 

X7 p 7^CVDKfc8t)L<li7 p 7X'rGVDaftv' 
^15 1 1(1 frb l> *>Wttt>*) 

[0 0 4 1 ] M:, Hi© (2) {cifk-tx 5 D 

^CLT, TMRi^n^lv^^^Mt^t^ 

3 1) txyf>^ (Rfc&J U * 

fx 7 f 1 2£^ y ^>^U Sfcl^-CW 
mi 5 1 1 ^x-yf y^DILTs il-^^^lH^ 

[0042] ^C^fyril 35^x : yf y/t 



5 0 <£^t£, ±E7^hu-^^h^it5 0 ^tti 

1 3 4~&{b@£l 1 3 2W«l»tTMR* : rl 3£ 
1 3 3 A>fcE»flM4<*a 1 3 1 <D&* X* y 

Kfitt* (CI) Sfcttjlilf (Br) ^^A,fc/>py>- 
#X (WfctfC 1 2 > BC 1 3 , HBrl) feL<tt- 
70 (CO) 1:7^ = 7 (NH 3 ) £»2HlLfc# 

[0 0 4 3] **5, 7th^-^ hfl>Bfc*fl 
^X^i5 12*ADIlfc«, t)L<*2^1^^^5 
l SrflDlLfcftfcfToTfc £1^0 C^^KIl *iry 
^1 1 3 5Srxyf>^t5Bl:, I^^^KDx 
1 2^x^/fy^^ix5c r0>J:3fc 

h^/Hft8il 3 3I2IEWS1 3 4^®*3tlTl^O 
T\ h y^/Hfeil l 3 3 |jLffio3fi«H4flcBt*s»<k*tt 
20 X h>*/Hfc*a l 3 3 #J? ft 6- 

ft£ 0 

[0 0 4 4] ±I5TMR^T-1 3&g?$f§^ 

7°7X"eCVDi£liJ:ot, W x-fr&T&A-th 
fc£><D$gt LX7 6 7Xv-v/!j a h7^ KfH&£: 

L X TMRlT- 1 3©i®H^ltt^ K £ * — 
5 3*^*t6o 

[0 0 4 5] mi<n (3) ^TH-fJ: TM 

30 Rl^l 3 ^27yr^ K3 4 t SrSStti"* 

>fS«l:J:otu^^ht«S^ TMR**13*s 
»aiEjRw-«Sffl!l©^3'^^^^^^ fc*6* 51-, IB 
2-v^^5 5« / >^<i: ^-^^TMRli 1 1 3 ±OgS 
1-7** 5 l tested o^mfc-fZo *<D(!L 
^2-v** 5 5 3&S-fiX-C»ric*iX, 3! 1 5 1 cO- 

«J&J«fflLTfc*£LX;l(i«l\ 12-77^55 
[n,J:*)!Sl^** 5 1 *s^lw«t>^Xt J:v\ Hffix- 
40 II JR 1 5 1 eO-Ssa s 8fflLTt>*:Rffi£'T*L 

[0046] %<D'&, I2v7n5^1-7^^51 

^) a*BK«fc!K TMR|?1 3tl27y7^y^ 

y K3 4 1 sr««-r6Ac^co»»ffi» 1 6^r, mn» t 

^1 6Sr«*i"Sfc^tiO*«»*iR»Kiii*»l 3 l t 

mtmfem \ 3 2 ttiz* 

50 [0 0 4 7 ] 4*5, iSMEBtt 1 6 11 SMBttt#a 1 3 



/ 
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«U^t^X, ^^Bll:S8Btt*il3l, b 
L< fifl&fl:@5£J§ l 3 2fet)^«)-cSS8tLt88 
Bttl 6*r*rtLTbJ:^ 0 ±iES&2-ex^5 

TMRfliiP 1 3 1*81 -7*^ 5 1 *3j:t/tt»J«^^ 

11 3 3±T^3Sfl$l4*IS3& s K^$ix-C hy*^*88 
l 3 3#W<«rt3ft5wfc#ISJhS*i6, 
[0 0 4 8 ] 02£> (4) |C^1-ct9t-> 13^ 

ftR4 3±(I. TMRl^l 3, Stfi£ttfi 1 6^&?g 
5»4liW4 4fe»*«. :o»4*M4 4tt, 
HttfCVDStKttPVDSIUot, »{k'>y=" 
yb t< ttKfcT/U5 2 0 OnmOJ? 

«i4 4M^¥WiLX, TMR^^13±0 

fB l -r*^ 5 i ^ffi&BtHS*** %\-? 

*t 5 1 (03iy^>^^^^S5 1 2 (WIEiai (2) 
#BB] &I&£LT, ^€^5 1 l ±ffids«Ui-S J: 51- 
9F«4:ffofc 8 x y fy^^l5 1 2^/7X-rC 

LfcflL 14«4 4^#LTa«JtO«^3iy^>' 
^£f^ flttfCF 4 , SF 6 -eacfBW^^LTbJ: 

[0 0 4 9] ®ia®»^TIi&JRIi (Wx.tf. * 
i7>fV y^-y K3 2 ^ [Will. if 2 y v-rV 

•yK3 4ti^ii) fc*i«"rs*i»7L (H^*-f) b> a 

[0 0 5 0] H)2(0 (5) |C^i-«t^tC > -J&ift 

«cjEP6ii-C^6B»»*a«J-J:oT, tfyFS (IB 2 
B$) l 2;fcJ:tfEiB[H]fceoB» (B^fr-f) , 
r/^yKM (m^-fr-f) ^Mt6 0 :^t'-;h 

81211, hy^/HK^Sta* 1 ?-! 3 

[0 0 5 1 ] JtiEttB^Lfc^«i^mffir-aW tfci: 9 
ic, ±158 1 5 1 li, try 

2tTMRiti ZbitiMttZ**?* M:fflt^: 
fc#-c#6. ±IEJB 1 5 1 &Sffci8ib l< 



7) ^2 0 0 3- 3 2 4 1 8 7 
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U^, wO»^tCli. try hi&l 2^TMR^l 3 
Bttl 6^MUcil:f 1-^^n i«rl**LTbJ: 

m\Zte«), f y hgjl 2 KJ: b\Z®M,\Z 

[0 0 5 2] ±IEJHig^&T?Ji. S<gB» 1 6 
6RSfc:, TMRi^n^ffiCliSW^^SlW 

3##J*3*U ^ne>^BiX'TMR^^ 1 3(* 
gh»ttTV^o 5 5£)£frit1*ft 

|Cj:oX> TMR$^l3iOiW^nii« 

CcO^m, Slftittl e^TMRl^l 3 

i&RBfti 6^»*-r 

5 5<OTMR^^ 1 3ill ^WM^Ei^ 
^T-i&ff-f lot, £;bi*r&&££&fr 

[0 0 5 3] ±IEH1S<0««-Ctt, TMRl^ 1 

3<0«fl^;:t6«aW-'f K?*-^5 3&fl«tLfc#, 3 

5*4*feaflS4 4 &«J*-r*I!HC, TMRl^l 3fl>« 

TMRlf 13(DHs h^/Hfeill3 3© 

2*3j:t/IEttS 1 3 4 aSKflSLT, 0. 5nm~5nm 

1 3 3^IRJ¥* s «*DL/j^>J:5«cL-cv^ 0 *<r>1z$>, 
l 3 3wBUPtt»»W^bSE«ii"6-i: 

[0 0 5 4 ] ±f5««^^yK«^»aS*S«-«t^*^ 
H2(D (5) I^LfcJ: ?^#^^Bm^yS® 1 
ds»rt*Jx-5o ::<afi&«^ y Kill Xfi, h>*/ufi£ 
m^ivi^^ l 3 ^r^ixJ: 9 bTl^#m^> W*.tfK* 
^ ffil h7>^^^cOtt»S (0^*1") 82^ 
y?M3K 33, |2 7>7^f K3 

2. 3 4»Sr^LT«tt$-fr6fe«)lcflat^^SSil«E 
»1 f^TMRl^l SfRij^^TMR^T- 1 3 

fcl^ftK, ^OTMR»^l 3±lC*rt*JlfclSl^ 

5 1 (Dmytzfc^Ltzftmizj&i&ztix^^z, z<d 

Ztfrb* ««B»i 6^JFM-r6^(-ffM^ix6^2 
-e*y-5 5li, TMRl^niCl^^ixfciW^ 
^ 5 1 iD»ttl^'>*< ^ bfi^6 J: 5 KJfcfiH-ixff £1^ 
^cofc^, «aB» 1 6 cotmr*-?- 1 3 

5(? fRij(O^^T'(l^^-tt^^^Ei^A/Xi3:ff-r^^^^^ 
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[0 0 5 5 ] 

jS1-aiStf>-***JB#£ftSfS l ■v**a 5 «8cE»0>- 
^fc***, iox^-Stf f>o#*Srftj&A> 

x-Rff-r*&sa s fc< fr* 0 <tox, *px 

[0 0 5 6 ] «^^^^!JgIl^tlll 
fc ft!) II E P 6 ti 6 Ett <0 h /H»^l»Bt* ^fflUBa 

rtSJxT^* EII*#J*+6»fc»rt3fr* 



[02] 




12 H* («2Ett> 45 




(8) ^12 0 0 3 - 3 2 4 1 8 7 
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[Eli] ^^toiam^y 

/0 [12) 

Ufi^lBffiSrlftW+SK^Xg^rffiE-efc^, 
[13] «*^««^^y3Sllw»JS*ft«:»W-t-6i!! 

im4] u%<nmu* *v mw<vmm*&z®.wi~z>n 

[8 5] ■^^^/^-v<0'fr*>*-f*t*:ttM1-6*ll»«l 
[16] TMR*^-(C*ti-S«ttlE«<0^fc**K*rtt 

^ [17] »«B»**rit-f*B»-ffl^s^^^^^-^ 

[fl^OtfcP;]] 

1 1 -«#&*!7- KJ» (* 1 EM) , 1 2 ■ -Vy h$ 

2 gfi^) . 1 3- b (TMRl 

. 16-filte*, 132 

5 5-»2-r^^ 



[14] 




(9) 



ftBH 2003-324187 



1] 



IB3) 



131 

! mmm 
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